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SUMMARY 


An investigation has been conducted in the Langley High Speed 7- by 10-Foot 
Tunnel to determine the influence of an optimized leading-edge deflection on the 
low-speed aerodynamic performance of a configuration with a low-aspect-ratio, 
highly swept wing. Tests have also been conducted to determine the sensitivity 
of the lateral-stability derivative to geometric anhedral. 

The optimized leading-edge deflection was developed by aligning the leading 
edge with the incoming flow along the entire span. Owing to the spanwise varia- 
tion of upwash, the resulting optimized leading edge was a smooth, continuously 
warped surface for which the deflection varied from 16° at the side of the body 
to 50° at the wing tip. For the particular configuration studied, levels of 
leading-edge suction on the order of 90 percent were achieved with the smooth, 
continuously warped leading-edge contour. Attempts to approximate this smooth 
contour by a series of discrete deflections of a multisegmented leading-edge 
system resulted in substantially increased drag. The increased drag, introduced 
by the surface discontinuities of the multisegmented system, markedly reduced 
the aerodynamic performance. 

Deflecting the leading edge was found to provide a favorable reduction 
in the inherently high level of C^n. Comparison of experimental results with 
simple theoretical estimates of 3c^ shows that excellent correlation 

exists for conditions of attached flow. Furthermore, the results of tests con- 
ducted to determine the sensitivity of C^o to geometric anhedral indicate 
values of which are in reasonable agreement with estimates provided 

by simple vortex-lattice theories. 


INTRODUCTION 

The National Aeronautics and Space Administration is currently investigat- 
ing the aerodynamic characteristics of advanced aircraft concepts which are 
capable of cruising efficiently at supersonic speeds. The conceptual designs 
are representative of future generation commercial and military vehicles and 
incorporate wing sweeps on the order of 70° to 80° (e.g., refs. 1 and 2). 
Unfortunately, owing to the high wing sweeps, such configurations have gener- 
ally exhibited unacceptable low-speed aerodynamic characteristics. The most 
significant of these unacceptable characteristics are deficiencies in low-speed 
performance and excessively high levels of effective dihedral The present 

investigation is intended to yield fundamental information necessary to provide 
highly swept-wing designs with acceptable low-speed characteristics. 

Previous low-speed studies with a configuration having the same wing 
geometry as the present model are reported in references 3 to 6. The present 


study was specifically intended to: (1) provide an assessment of the aero- 

dynamic performance benefits which could be achieved with a suitably optimized 
leading edge; and (2) determine the sensitivity of the lateral-stability 
derivative to geometric anhedral. 

The tests were conducted in the Langley 7- by 10-Foot Tunnel over an 
angle-of- attack range from about -6° to 15° for sideslip angles of 0° and ±5°. 
The tests were conducted at a Reynolds number (based on the wing mean aero- 
dynamic chord) of about 2.8 x 10®. 


SYMBOLS 


The longitudinal data are referred to the stability system of axes, and 
the lateral-directional data are referred to the body system of axes as illus- 
trated in figure 1 . The moment reference center for the tests was located at 
59.166 percent of the reference wing mean aerodynamic chord. The reference 
wing area and reference mean aerodynamic chord are based on the wing planform 
which results from extending the inboard leading-edge sweep angle (74°) and the 
outboard trailing-edge sweep angle (41.457°) to the model center line. (See 
fig. 2.) 

The dimensional quantities herein are given in both the International 
System of Units (SI) and the U.S. Customary Units. 

A fus fuselage cross-sectional area, m^ (ft^) 

/R aspect ratio 

b wing span, m (ft) 

Drag 

Cq drag coefficient, 

<3 s ref 

C D . induced drag coefficient 

Cn . minimum drag coefficient 

u mn 

Cq drag coefficient of equivalent configuration without twist and 

yn camber at zero lift 

Lift 

C L lift coefficient, 

qSref 


rolling-moment. 


Rolling moment 
qSrefb 
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-m 


pitching-moment coefficient. 


Pitching moment 
qS re fC 


yawing-moment coefficient, 


Yawing moment 

^ref b 


Side force 

Cv side-force coefficient, 

<3 s ref 

c reference mean aerodynamic chord, m (ft) 

q free-stream dynamic pressure, Pa (lbf/ft 2 ) 

S leading-edge suction parameter 

S re f reference wing area, m 2 (ft 2 ) 

X, Y, Z body axes system 

x,y,z body axes coordinates 

x fus fuselage body station, origin at nose, positive rearward, m (ft) 

a angle of attack, deg 

B angle of sideslip, deg 

T increment in geometric anhedral, relative to the basic wing 

geometry, at span station y, deg 

r 1# r 2 increment in geometric anhedral at span stations y-j and y2# 
respectively, deg (see fig. 2(b)) 

leading-edge deflection, positive when leading edge is down, deg 

e upwash angle, deg 

£ X-Y projection of the included angle between the local flow 

direction at the leading edge and a ray normal to the leading- 
edge hinge line, deg (see fig. 1) 

Derivatives : 

= BCl/Scx, per deg 
Cjg = SCj/SB, per deg 
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= 9c n /6B, per deg 
= 3Cy/SB , per deg 


MODEL 


Cn B 

c y b 


The principal dimensional characteristics of the model used in the present 
study are listed in table I and shown in figures 2 and 3. In addition, a list- 
ing of the computer cards required for a numerical model is given in table II. 
The format for the listing provided in table II is described in reference 7. 

A photograph of the model in the Langley 7- by 10-Foot Tunnel is presented in 
figure 4. 

Previous studies with configurations having the same wing geometry as the 
present model are reported in references 3 to 6. The present study was intended 
to address generic problems associated with highly swept wings; consequently, 
the model did not incorporate either nacelles or an aft fuselage. The model 
did, however, incorporate a multisegmented leading edge which permitted con- 
tinuously variable deflections from 0° to 60° about the 70.688° swept hinge 
line. (See fig. 2.) This particular hinge line was selected to allow a direct 
comparison with results from reference 5. The model further incorporated 

y 

anhedral breaks at span stations = 0.234 and 0.736 which permitted the 
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inclusion of additional geometric anhedral. 


TESTS AND CORRECTIONS 

The investigation was conducted in the Langley 7- by 10-Foot Tunnel. (See 
ref. 8 for a description of the tunnel.) Forces and moments were measured with 
a standard six-component strain-gage balance mounted internal to the model. 

The tests were conducted at a dynamic pressure of 1436.4 Pa (30 lbf/ft^) . This 
value of dynamic pressure resulted in a Reynolds number (based on the wing mean 
aerodynamic chord) of 2.8 * 10® at a corresponding Mach number of 0.14. The 
angle of attack ranged from about -6° to 15° for sideslip angles of 0° and ±5°. 
Both angle of attack and sideslip have been corrected for the effect of sting 
and balance bending under aerodynamic load. 

The data have been corrected for jet-boundary and blockage effects using 
the methods outlined in references 9 and 10, respectively. Balance chamber 
pressure and model base pressure were measured and the drag measurements 
adjusted to correspond to conditions of free-stream static pressure acting 
over the base of the model. 

In accordance with the method of reference 11, 0.16 cm (0.0625 in.) wide 
transition strips of No. 70 carborundum grains were placed 3.81 cm (1.5 in.) 
aft of the leading edges of the wing and outboard vertical tails. Similarly, 
No. 80 carborundum grains were placed 3.81 cm (1.5 in.) aft of the model nose. 
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PRESENTATION OF RESULTS 


A simplified analysis of the effect of geometric anhedral on Cjg is pre- 
sented in appendix A. A data supplement containing a run schedule and tabular 
listing of data is provided in appendix B. The results and discussion are pre- 
sented in accordance with the following outline: 


Figure 

Longitudinal aerodynamic characteristics 

Configuration with undeflected leading edge 5 to 7 

Effect of wing leading-edge deflection 8 to 1 7 

Lateral-directional characteristics 

Configuration with undeflected leading edge 18 

Effect of wing leading-edge deflection 1 9 to 20 

Effect of geometric anhedral 21 to 23 


RESULTS AND DISCUSSION 

The present study was intended to address generic problems associated with 
highly swept wings; therefore, the model did not incorporate either nacelles or 
an aft fuselage. In order to provide some insight into the possible effects 
such configuration components may have on absolute quantities, suitable com- 
parisons are made (where possible) with data obtained for a model which had the 
same wing geometry, but included both underwing nacelles and an aft fuselage 
(see ref. 5) . It should be noted that, in addition to the nacelle and aft fuse- 
lage differences, the model of reference 5 incorporated a fuselage with a dif- 
ferent cross-sectional area distribution (see fig. 3) . Since the fuselages of 
both the present model and the model of reference 5 utilized circular cross 
sections and had the same centroidal axis, the difference in cross-sectional 
area results in a difference in wing-body intersection. 


Longitudinal Aerodynamic Character is tics 

Configuration with undeflected leading edge .- Figure 5 presents the longi- 
tudinal aerodynamic characteristics for the present configuration with unde- 
flected leading edges (<$l.E. * °) • Also presented for purposes of comparison 
are corresponding data for the complete configuration reported in reference 5. 
As can be seen, the data exhibit identical trends. The study of reference 5, 
in which smoke-flow visualization was used, has indicated that for angles of 
attack from about 2° to 4° the flow over the main wing panel remains well 
attached; however, the existence of a tightly wound vortex which formed close 
to the surface along the leading edge of the outboard wing panel has been 
observed. As might be anticipated, this tightly wound vortex is found to be 
accompanied by a small increase in longitudinal stability. At a > 4°, the 
data indicate the existence of a vortex-lift increment and a corresponding 
pitch-up tendency. This result is attributed to the simultaneous formation 
of classical wing-apex vortices and to the separation of the tightly wound 
vortex from the outboard wing panel. (See ref. 5.) 


The data of reference 5 exhibit trends which are identical to those of 
the present model. However, configuration differences result in differences 
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in the quantitative values. Obviously, the lower value of drag exhibited by 
the present model results from the reduced skin-friction and interference drag 
associated with the omission of the aft fuselage and underwing nacelles. The 
reduction in pitching moment of the present model is attributed to the omis- 
sion of the down-loaded aft fuselage (see ref. 5) . The difference in level of 
vortex lift for the two configurations is not well understood. However, this 
difference probably arises from the difference in the wing-body intersection 
which may, in turn, affect the formation of the wing-apex vortices. 

Figure 6 presents theoretical results obtained using a vortex-lattice 
representation for the isolated twisted and cambered wing of the present model. 
In addition to the standard potential-flow calculations, this particular vortex- 
lattice method (see ref. 12) also permits calculation of the aerodynamic charac- 
teristics for conditions with leading-edge vortex flows. This is accomplished 
by incorporating the leading-edge suction analogy developed in reference 13. 

The results of figure 6 illustrate that the predicted aerodynamic character- 
istics for conditions of leading-edge vortex flows, are markedly different from 
those predicted for attached flow conditions. In particular, consideration of 
the theoretical drag polars (obtained by adding the value of CD S y m = 0.0096 

to the predicted induced drag) indicates that the particular wing geometry, 
which was designed for attached flow conditions, would have significantly 
degraded performance for conditions with separated leading-edge vortices. 

The vortex-lattice theoretical method used to obtain the results presented 
in figure 6 does not predict the onset condition or the physical spanwise loca- 
tion of the separated vortex flow; therefore, no one of the theoretical curves 
is representative over the entire angle-of-attack range considered. Figure 7 
presents an adjusted theoretical result obtained by shifting portions of the 
appropriate curves of figure 6 in an attempt to more closely represent the 
results for the observed physical flow condition. As can be seen, reasonable 
agreement exists between this adjusted theoretical result and the experimental 
result. However, it is recognized that such adjusted theoretical results can 
only be achieved after the physical flow characteristics have been identified, 
and hence, may be of limited value. 

Effect of wing leading-edge deflection .- Figure 8 presents the longitudinal 
aerodynamic characteristics for the configuration with a uniform 30° deflection 
of the entire leading edge (see fig. 2) . As has been shown in reference 5, this 
leading-edge deflection results in fairly well attached flow for angles of 
attack from about 0° to 8°. For angles of attack greater than 8°, smoke-flow 
observations showed the onset of a classical leading-edge vortex separation 
originating at about the midpoint of the wing semispan. It should also be 
noted that at very low angles of attack (a < 0°) , deflecting the leading edges 
apparently results in flow separation on the lower wing surfaces as evidenced 
by the nonlinearity in C L versus a. Figure 8 also presents the longitudinal 
aerodynamic data from reference 5 for the comparable (6 L#E> = 30°) condition. 

As can be seen, the differences in data for the present tests and reference 5 
are generally similar to those previously discussed for the <S L>E . = 0° condi- 
tion. As expected, with the leading edges deflected to suppress the leading- 
edge vortices, excellent agreement in C L versus a is obtained over the 
angle-of-attack range tested. 
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Figure 9 provides a comparison of the data for the conditions of 
^L.E. = °° an< 3 30°. As bas b e en noted in reference 5, deflecting the wing 
leading edges to suppress the vortex flow reduces the undesirable vortex induced 
pitch-up tendency and also reduces the vortex related drag. In order to permit 
a quantitative evaluation of the performance improvement achieved by leading- 
edge deflection, figure 9 also presents the conventional theoretical drag polars 
corresponding to the conditions of: (1) minimum induced drag (100-percent 

leading-edge suction) and (2) full leading-edge separation (0-percent leading- 
edge suction). These drag polars are defined for condition (1) as 


C D = C Dsym + C l 2/tt/R 


( 1 ) 


and for condition (2) as 


C D = °t>sym + C l tan ( C W C %) <2 > 

It should be noted that equations (1) and (2) are valid only for symmetric wings 
with no twist or camber and are presented herein solely to permit the aerody- 
namic performance (achieved by the various leading-edge treatments) to be quan- 
tified. This is accomplished by introducing the standard leading-edge suction 
parameter S (see ref. 1 4 for a comprehensive discussion of leading-edge 
suction) defined as 


C D - [ c D sym + C L tan (Cl/c^JJ 

S ~ 

C l 2 /h/R - C L tan 

It should be noted that in equations (2) and (3) the 

has been used in place of the more customary Cl tan 

present notation has been introduced to insure a common basis for comparison 

of leading-edge suction for the various leading-edge treatments. The value of 

C D has been estimated for the present model tests using the relationship 
^sym 


quantity C L tan (C l/C^J 
a. (See ref. 14.) This 


c L 2 


'sym 


- Cr 


Cn • 
u min 


-mn 


tt/R 


(4) 


Evaluation of equation (4) yields = 0.0096. The value of has been 

determined experimentally (for the linear region of C L versus a) to be 0.037 
which is in agreement with theoretical results. 
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Figure 1 0 presents values of leading-edge suction calculated from the data 
of figure 9. As can be seen, the uniform 30° deflection results in substan- 
tially increased values relative to the = 0° condition. This result 

is similar to the results presented in reference 5, wherein this uniform 30° 
deflection was initially considered. As pointed out in reference 5, the uni- 
form 30° deflection does not represent an optimum condition. In fact, the 
uniform 30° deflection is considered to be overdeflected in the apex region 
while being under deflected further outboard. This situation developed because 
the leading-edge system tested in reference 5 was limited to four segments, and 
attempts to optimize the leading-edge deflection by aligning the leading edge 
with the local upwash (as will be discussed) resulted in large discontinuities 
in contour. These large discontinuities were found to result in quite pro- 
nounced regions of separated flow, which substantially degraded the perfor- 
mance. Consequently, the uniform 30° deflection was considered an appropriate 
compromise. 

In as much as the present configuration employed a twelve-segmented lead- 
ing edge (which permitted a more reasonable approximation of a continuously 
warped surface) , an attempt was made to optimize the spanwise variation of 
leading-edge deflection. The optimal leading edge is considered herein as one 
in which the leading edge is aligned with the upwash along the entire span. 

Since a = 10° is representative of the angle-of-attack condition for low-speed 
operations, attempts were made to obtain attached flow for angles of attack at 
least up to this condition. 

Figure 11 presents the theoretical spanwise variation of upwash e 
obtained with a vortex-lattice computational model at an angle of attack of 10° 
(see refs. 5 and 15). In general, for a swept hinge line the angular deflection 
required to align the leading edge with an upwash angle £ would be defined by 
the standard relationship of sweep theory 


5 L.E. 


tan 1 


tan e 
cos £ 


(5) 


However, previous smoke-flow studies (see ref. 5) have shown that the incoming 
flow is approximately perpendicular to the hinge line (£ = 0°) , and therefore, 
equation (5) yields the simple result that 6 l ,e. = e * 

With the model at a = 10° and the leading edge deflected to approximate 
the upwash schedule of figure 11, observations of wool surface tufts revealed 

y 

flow separation originating outboard of = 0.5. This result appears to be 
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attributable to the fairly sharp corner introduced by rather high deflection 
about the simple hinge line. Accordingly, the leading-edge deflection was 
reduced until a condition was reached wherein further reductions resulted in 
classical leading-edge vortex separation. The multi segmented leading edge was 
then faired and smoothed to eliminate leading-edge discontinuities. The span- 
wise variation of leading-edge deflection, as developed above, is compared in 
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figure 12 with the theoretical upwash. The leading-edge deflection schedule is 
seen to define a continuously warped surface which varies from 16° inboard to 
50° outboard. This leading-edge geometry will hereinafter be designated as 
«L.E. = 1 6°-50°. 

Figure 13 presents the longitudinal aerodynamic characteristics obtained 
with 6 L>E> = 16°-50°, while figure 14 presents a comparison of these data with 
the previously discussed results for the 6 L>E> = 0° and 30° conditions. As 
can be seen, the data for S L>E> = 1 6°-50° indicate attached flow conditions 
for angles of attack from about 0° to 10°. At angles of attack above 10°, 
vortex separation was observed to originate along the leading edge outboard of 

y 

= 0.5. The occurrence of this leading-edge separation is seen to be con- 
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sistent with the slight pitch-up characteristic exhibited by the data of 
figure 13. Consideration of the drag polars of figure 14 indicates that 
^L.E. = 16°-50° provides superior aerodynamic performance relative to the 
other conditions studied. This point is quantified by considering the leading- 
edge suction parameter obtained for the above continuously warped leading-edge 
geometry (<5 e .e. = 16°-50°) presented in figure 15. As has been seen, 

^L.E. = 16 O- 50° results in a substantial improvement. In particular, 

<$L.E. = 16°-50° is seen to achieve values of suction on the order of 90 per- 
cent at representative second segment climb conditions (i.e., C E « 0.3). How- 
ever, at higher values of C E (corresponding to higher angles of attack) the 
level of leading-edge suction is substantially reduced for all leading edge 
geometries tested. It should be noted that the model tested did not employ a 
trailing edge flap system, which would permit equivalent values of C E to be 
achieved at lower angles of attack. Therefore, owing to the adverse effect of 
increasing ot on flow attachment, it would be anticipated that the use of a 
trailing edge flap system would provide improved drag polars (as shown by 
fig. 13(c) of ref. 5). Consequently the values of S presented herein for the 
high lift condition are regarded as conservative. 

The effect of Reynolds number on the leading-edge suction parameter has 
been discussed in reference 14. The results presented therein indicate that 
increasing the Reynolds number from the low values of the present tests to 
actual flight values will result in only modest increases in S for the sepa- 
rated flow condition (e.g., the condition discussed herein with 6 l .e. = 0°). 
However, for attached flow conditions (as achieved with 6 L>E< = 16°-50°) 
increasing Reynolds number results in pronounced increases in S. Based on 
these results, it would appear that the level of S achieved with the attached 
flow deflection 6 E>Ei = 16°-50° is conservative. 

It is recognized that while the continuously warped leading edge would 
provide marked improvements in low-speed aerodynamic performance, the mechanical 
complexity required to generate this smooth contour from the high-speed cruise 
shape may limit its practical application. For this reason, tests were con- 
ducted in which <S L .E. = 1 6°-50° was preserved but the fairing between the 
adjacent segments of the multisegmented system removed. Figure 16 presents a 
comparison of the longitudinal data obtained with 6 E .E. = 1 6°-50° for both 
faired and unfaired conditions. As can be seen, the impact of removing the 
leading-edge fairings is largely limited to an increase in drag. This result 
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correlates well with observations made of wool tufts during the limted flow 
visualization portion of the tests. Although no large regions of separation 
could be attributed to the removal of the segment fairings, the tufts were 
observed to be slightly more unsteady, thereby indicating localized regions of 
separation. Consideration of the leading-edge suction parameter presented in 
figure 17 shows that 6 L .E. = 16°-50° exhibits levels of S which are below 
those values achieved with the simple uniform 30° deflection, thereby indicat- 
ing the desirability of maintaining continuous leading-edge contour. 


Lateral-Directional Characteristics 

Configuration with unde f lected leading edge .- Figure 18 presents the 
lateral-directional stability derivatives for the present configuration with 
undeflected leading edges. Also presented in figure 18 are corresponding 
results from reference 5 which, as previously mentioned, were obtained with a 
model which had the same wing geometry but incorporated a different fuselage 
and included under-wing nacelles. As can be seen from figure 18, both con- 
figurations exhibit neutrally stable values of static directional stability 
C n g for angles of attack up to about 4°. For angles of attack greater than 4° 

(corresponding to the angle of attack for which the wing-apex vortices are first 
evident), the configuration exhibits a marked increase in C n g. This phenomenon 

has been observed previously (see ref. 5) and has been attributed to the inter- 
action of the wing-apex vortices with the forward portion of the configuration. 

The data of figure 18 also show that both configurations exhibit high 
levels of effective dihedral at nominal approach conditions of ot = 8° 

to 10°, as would be expected for the low-aspect-ratio wing. References 16 
and 17 have shown that these high levels of typically result in Dutch 

roll instabilities and reversals in pilot-commanded roll rates. The analysis 
of reference 4 has also shown that, because of limited lateral-control capa- 
bilities (typical of low-aspect-ratio wings) the high values of would 

necessitate excessive approach speeds to meet currently accepted cross-wind 
landing requirements. 

It is interesting to note that although both the present configuration 
and the configuration of reference 5 exhibit about the same slope of 

versus a, the magnitude of for the present configuration is reduced for 

positive angles of attack. This reduction in is believed to be due to 

the omission of the under-wing nacelles and to a difference in the aft wing- 
body intersection (e.g., ref. 18). 

Effect of wing leading-edge deflection .- Figure 19 presents the lateral- 
directional stability derivatives for the configuration with <S L>E> = 0°, 30°, 
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and 1 6°-50°. As can be seen by comparison of the results presented, both of 
the deflected leading-edge geometries resulted in a reduction in C n g. The 

reduction in C n g at low angles of attack is simply due to the deflected lead- 
ing edge providing an increased vertical area forward of the moment reference 
center. At higher angles of attack, the dramatic reduction in C n g is, of 

course, associated with the suppression of the wing-apex vortices. Although 
this reduction in C n g at high angles of attack may appear to be adverse, 

previous studies (see ref. 19) have shown that positive increments in C n g, 

when originating forward of the center of gravity (as is the case considered 
herein) , are accompanied by undesirable reductions in damping in yaw. For the 
present configuration the influence of leading-edge deflection on damping in 
yaw is undetermined, and additional tests are required to determine the effect 
of leading-edge deflection on dynamic stability characteristics. 

The data of figure 19 also indicate that deflecting the leading edge yields 
a favorable increment in C^. This result is primarily due to the simple 

increase in geometric anhedral which accompanies the leading-edge deflections. 
Figure 20 presents these same data as the variation of Cjg with respect to 

Cl for the various leading-edge deflections. Noted on the figures are the 
regions of separated and attached flow as discussed in connection with fig- 
ures 5, 8, and 13. Analysis of the results shows that, for the conditions 
under which attached flow exists, positive increments in Cjg of 0.00016 

and 0.00022 are obtained (relative to 5 l.E. = 0°) f° r ^L.E. = 30° and 16°-50°, 
respectively. 

It should be noted that for conditions of attached flow, BCjg^BC L is 

found to be independent of leading-edge geometry and has a value of -0.0058. 

This value of BC^/BCl is in excellent agreement with the value of -0.0061 
obtained from the expression 

. 2 1 21T 

9c ?r/ 9c L = " x - x (6) 

3 /R 360 

which is developed in reference 20. The break in the slope of versus C L 

is a result of flow separation. Although it is not clearly understood, appar- 
ently the nature of the leading-edge separation greatly influences the manner 
in which the break in slope occurs. In as much as a properly designed con- 
figuration would be intended to operate with attached flow, the values of C^p 
for conditions of separated flow may be misleading. Extrapolation of the 
attached flow results to higher lift coefficients (as could be achieved with 
a simple trailing-edge flap system) shows that with the leading-edge geometries 
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studied the configuration would exhibit values of C ^ of about -0.003 at a 
nominal approach lift coefficient of 0.6. 

Effect of geometric anhedral .- The results of the preceding section indi- 
cates that, as expected, high values of are inherent to the low- aspect- 

ratio highly swept wing. Consequently, tests were conducted in order to deter- 
mine the sensitivity of to additional geometric anhedral and to correlate 

these results with existing theory. These tests were conducted with the geo- 

y 

metric anhedral increased at span stations = 0.234 and 0.736 (see fig. 2). 
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The leading-edge geometry for the configuration during this phase of the study 
was limited to the continuously warped = T6 O- 50° condition, which was 

previously found to exhibit superior longitudinal performance. Examination of 
the tabulated data (presented in the data supplement at the end of this report) 
for the various anhedral angles tested shows that the longitudinal variables 
were not influenced by anhedral. The data further show that the geometric 
anhedral does not have any significant effect on the directional stability 
characteristics. Consequently, the discussion is limited to a consideration 
of the influence of geometric anhedral on Cjg. 

Figures 21 and 22 present the variation of C^ with C L for the various 

anhedral angle combinations tested. From theoretical considerations, it would 
be expected that the values of dC^jdT (as determined by cross plotting the 

data of fig. 21) would be constant for attached flow conditions. However, 
analysis of the data of figure 21 shows that dC^jdF increases with increas- 
ing lift coefficient. To determine the additive nature of the experimental 
results for C^ versus C L , a selected combination of I*-) = 4° and 

r 2 = 11° was tested. The experimental results (see fig. 22) are seen to 
compare well with results obtained by adding the experimentally determined 
incremental values of Cjg presented in figure 21. 

Figure 23 presents the theoretical variation of dC^jdY as a function 

of the corresponding nondimens ional semispan location. The theoretical results 
were obtained with a vortex-lattice computational model which is based on the 
theory of reference 15. The range of experimental results for 3Cjg^3r, eval- 
uated from figure 21 at C L = 0.2 and 0.4 are presented for comparison. It 
is noted that although the experimental values of have been shown to 

increase with increasing C L , they are in reasonable agreement with the theo- 
retical results. Furthermore, both the vortex-lattice theoretical results and 
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the experimental results are seen to be in agreement with the approximate values 
of 3C Z g/ar obtained using the simple design chart procedure contained in 

reference 21 . 

The results presented in figure 23 indicate that quite substantial reduc- 
tions in may be achieved by introducing geometric anhedral at inboard 

span locations. However, it should be recognized that a detailed configuration 
study is required to determine the most effective means of incorporating such 
additional anhedral. 

As an illustration, the simplified analysis presented in appendix A con- 
siders the case wherein anhedral is added at an inboard span location. The anal- 
ysis assumes that the wing-tip clearance remains unchanged as would be required 
for the case where the landing gear length was held constant. Obviously, under 
these conditions, adding geometric anhedral at inboard locations necessitates 
the addition of dihedral at outboard locations. The results presented in 
appendix A show that for these conditions, the net resulting improvement in Cjg 
is negligible. 


SUMMARY OP RESULTS 

The results of a study to determine the influence of optimized leading-edge 
deflection and geometric anhedral on the low-speed performance and lateral sta- 
bility of configurations with highly swept wings may be summarized as follows: 

1. Leading-edge deflection is effective in suppressing the formation of 
wing-apex vortices and promoting attached flow conditions. 

2. Due to the spanwise variation of upwash, the optimal leading-edge deflec- 
tion is a smooth, continuously warped surface. For the particular configuration 
studied, levels of leading-edge suction in excess of 90 percent are achieved 
with a smooth, continuously varying leading-edge deflection of 1 6° at the side 

of the body and increasing to 50° at the wing tip. 

3. Small discontinuities in surface contour, introduced in an attempt to 
approximate the smooth continuously warped leading edge with a series of dis- 
crete deflections of a multisegmented leading-edge system, resulted in large 
increments in drag (apparently due to flow separation) and corresponding large 
reductions in the leading-edge suction parameter. 

4. A uniform leading-edge deflection of 30° (representing an average value 
of the continuously warped leading-edge deflection) provided higher values of 
the leading-edge suction parameter than provided by the discrete multisegmented 
system. This result is apparently due to the elimination of the small surface 
discontinuities introduced by deflecting the individual segments through dif- 
ferent angles. 
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5. Deflecting the entire leading edge to achieve attached flow is found to 

provide a favorable reduction in the inherently high level of C 2r which is 
associated with the low-aspect-ratio highly swept wing. p 

6. The theoretical value of is found to be in excellent agree- 

ment with experimental results for conditions where attached flow exists. 

7. The inclusion of additional geometric anhedral to reduce the high levels 
of C 2 g is found to yield values of 9C 2 ^3r which are in reasonable agreement 

with theoretical estimates. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
November 25, 1980 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 


Wing: 

Aspect ratio 1 . 904 

Reference area, vc? (ft^) 0.834 (8.972) 

Gross area, m^ (ft2) 0.919 (9.889) 

Span, m (ft) 1.260 (4.133) 

Root chord, m (ft) 1 .674 (5.492) 

Tip chord, m (ft) 0.161 (0.529) 

Reference mean aerodynamic chord, m (ft) 0.880 (2.887) 

Gross mean aerodynamic chord, m (ft) 1.038 (3.406) 

Leading-edge sweep, deg 

At body station 0.388 m (1 .272 ft) 74.0 

At body station 1 .427 m (4.683 ft) 70.5 

At body station 1.886 m (6.185 ft) 60.0 

Vertical fin (each) : 

Span, m (ft) 0.107 (0.350) 

Root chord, m (ft) 0.326 (1 .069) 

Tip chord, m (ft) 0.048 (0.158) 

Leading-edge sweep, deg 73.4 


15 


TABLE II.- NUMERICAL MODEL OF CONFIGURATION 


(a) SI Units. All dimensions are in centimeters 
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.527 

.600 

.725 

.885 

MORO 7.1 

1.010 

1.110 

1.2*0 1.293 

1.266 

1.131 

1.030 

.911 

.776 

.629 

MORD 7.2 

.475 

.319 

.162 0. ■ 







MORO 7.3 

0.00 

.198 

.275 .371 

.431 

.470 

.527 

.600 

.735 

.912 

MORD 8.1 

1.048 

1.152 

1.283 1.338 

1.310 

1.170 

1.066 

.9*3 

.805 

.651 

MORD 8.2 

.491 

,330 

.168 0^ 







MORD 0.3 

0.00 

.198 

.275 .371 

.431 

.470 

.530 

.618 

.745 

.928 

MORD 9,1 

1.059 

1.160 

1.304 1,356 

1.328 

1.186 

1.080 

.956 

.816 

.660 

MORD 9.2 

,498 

.334 

.170 0. 







MORD 9,3 

0.00 

.158 

.275 .371 

.*31 

.470 

.530 

.600 

.738 

.928 

MORD 10,1 

1.070 

1.182 

1.331 1.388 

1.359 

1.214 

1.105 

.978 

.835 

.675 

MORD 10,2 

.510 

.342 

.174 0. 







MORD 10,3 

0.00 

.008 

.017 ,034 

.051 

.067 

.102 

.166 

.325 

.608 

MORO 1 } . 1 

.845 

1.041 

1.302 1,386 

1.359 

1.214 

1.105 

.978 

.835 

.675 

WORD 11. 2 

.510 

.342 

.174 0. 







MORD 11,3 

0.0 

.008 

.017 .034 

.051 

.067 

.102 

.166 

.322 

.602 

MORD 12,1 

.837 

1.031 

1,290 1.375 

1.347 

1.202 

1.095 

.969 

.827 

.669 

MORD 12 .2 

.505 

.339 

.173 0. 







MORD 12.3 

0.0 

3.6 

7.2 10.8 

12.6 

14.4 

16.2 

ie.o 

19.8 

21.6 

XF US 10 

“23.4 

25.2 

28.8 32.* 

“3t .1T ' 

*3.2 

SO,* . 

577® 

647 B 

TD .2 - 

XFUT ?0 

73.8 

77.4 

61.0 







XFUS 23 

0.0 

.050 

.072 .075 

.079 

.079 

.075 

.oee 

.039 

-.018 

ZFUS 10 

-.13/ 

-.270 

-.587 -.936 

-1.314 

-2.030 

-2.653 

-3.197 

-3.679 

-4.025 

ZF : US 20 

-4.244 

-4.449 

-4.604 







ZF US 23 

0.0 

1.374 

3.978 6.765 

8.631 

10.4*6 

12.066 

13.284 

14.256 

14.696 

FUSA 10 

14.904 

14.930 

14.450 24.010 

14.020 

24.373 

15.189 

25.*87 

15,060 

1*, *09 

FUSA 20 

13.841 

12.804 

11.547 







FUSA 23 
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Figure 1 System of axes and angular notation 









Figure 2.- Concluded 






L-78-81 88 

Figure 4.- Photograph of model in Langley High-Speed 7- by 10-Foot Tunnel. 
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Figure 12.- Comparison 
lead 
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Figure 13.- Longitudinal aerodynamic characteristics for configuration with 


















Figure 20.- Effect of leading-edge deflection on C^ R versus 














APPENDIX A 


EFFECT OF GEOMETRIC ANHEDRAL ON C^ 

The following simple analysis is intended to illustrate the effect on C^ 

of increasing the geometric anhedral of the configuration reported herein. The 
analysis assumes that the wing- tip clearance remains unchanged, as would be 
required for the case wherein the landing gear length is held constant. 

Consider the wing semispan sketched in figure Al . The spanwise location 
of the anhedral breaks, and the corresponding anhedral angles define the change 
in vertical height of the wing tip (Azj-ip) as 


Az tip = r i (b/2 - Yi ) + T 0 (b/2 - y Q > 


(Al) 


where the subscripts i and o refer to the values associated with assumed 
inboard and outboard locations, respectively. Requiring Aztip = 0 and solv- 
ing for r o yields 



As shown in the body of this report (see figs. 21 and 22) , the increment in 
Cjg resulting from T ^ and r o may be determined by linear combination, 

therefore 


AC 


26 


9c i B 


X 


3c i 


+ 


ar. 


x r. 


(A3) 


Substituting equation (A2) into equation (A3) yields 


AC 


26 “ 


9c Z6 

3T“ 



(A4) 
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APPENDIX A 


Evaluation of equation (A4) shows that, for the variation of r presented 

in figure 23, maintaining constant wing-tip clearance would limit the favorable 
increments in to negligible values. For example, consider the result for 

the spanwise location of anhedral breaks tested on the present configuration. 

Yi 

At span locations = 0.234 and 0.736, the theoretical results of figure 23 

b/2 

show = 0.85 x TO -4 and ^C^jdV Q = 0.27 x 10“ 4 . Assuming the 

anhedral at the inboard location is increased by 5° (with no constraint on 
wing-tip clearance) , the increment in for this condition would be 

AC jg = 4.25 x TO -4 . However, constraining the change in wing- tip clearance to 

zero and assuming the value of ACjg^9r o applicable for increased dihedral 

angles, the increment in C Z g would be only 0.33 x 10" 4 . 
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APPENDIX B 


DATA SUPPLEMENT 

The symbols used in the data tabulation are defined as follows 
ALPHA angle of attack, deg 

BETA angle of sideslip, deg 

CD drag-force coefficient; stability axis 

CL lift-force coefficient; stability axis 

CM pitching-moment coefficient; stability axis 

CRM rolling-moment coefficient; body axis 

CY side-force coefficient; body axis 

CYM yawing-moment coefficient; body axis 














APPENDIX B 


TABLE B2. - TABULATED DATA 


NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 

TEST 59 RUN 1 


BETA 

alpha 

CL 

CD 

CM 

CRM 

C YM 

CY 

-.06 

.17 

.0906 

.0110 

.0128 

-.0003 

-.0003 

.0009 

-.08 

-5 .64 

-.1296 

• 0 1 P 9 

.0078 

-.0010 

-.0005 

.0010 

-.OP 

-3.72 

- • C 4 9 3 

.one 

.OOPP 

-.0006 

-.0005 

.0015 

-.07 

-1.72 

.0256 

.0097 

.0098 

-.0003 

-.0003 

.0010 

-.06 

.19 

.0939 

• cno 

.0131 

.0003 

-.0003 

.0014 

-.06 

2.25 

.1700 

.0156 

.0160 

.0000 

-.0002 

.0015 

-.05 

<*.25 

. 252 1 

. 0260 

.0160 

.0001 

-.0000 

.0006 

-.05 

6.3* 

. 3456 

.0442 

.0198 

.0003 

.0002 

.0008 

-.0 4 

fc.57 

. 4633 

.0754 

.0290 

.0008 

.0005 

.0025 

-.04 

10. 51 

. 5700 

.1142 

.0441 

.0001 

.0011 

.0034 

-.03 

12.69 

.6907 

.1667 

.0625 

-.0001 

.0014 

.0048 

-.03 

14.74 

,8019 

.2251 

.0850 

-.0008 

.0016 

.0064 

-.03 

15.10 

.0195 

.2356 

.0893 

-.0007 

.0016 

.0065 

-.07 

.19 

.0976 

.0114 

.0133 

-.0001 

-.0002 

.0025 


TEST 59 RUN 2 


TEST 


TEST 


BETA 

ALPHA 

CL 

CD 

CM 

CRM 

C YM 

CY 

4.90 

.15 

.0926 

.0107 

.0130 

-.0031 

.0001 

-.0101 

4.92 

-5.72 

-.1304 

.0193 

.0054 

.0031 

-.0004 

-.0113 

4.91 

-3.75 

-.0468 

.0117 

.0074 

.0020 

-.0001 

-.0100 

4.91 

-1.75 

.0268 

.0095 

.0092 

-.0006 

.0001 

-.0094 

4.90 

.17 

.0956 

.0108 

.0134 

-.0032 

.0002 

-.0099 

4.68 

2.23 

.1706 

.0158 

.0159 

-.0048 

,0004 

-.0099 

4.86 

4.24 

.2568 

.0267 

.0161 

-.0057 

.0012 

-.0116 

4,81 

6.33 

. 3497 

.045 7 

.0229 

-.0087 

.0033 

-.0069 

4.77 

P.43 

. 4559 

.0742 

.0329 

-.0111 

.0064 

-.0048 

4.72 

10.45 

. 5507 

.1087 

.0462 

-.0137 

.0083 

-. 0024 

4.67 

12.67 

.6726 

.1612 

.0655 

-.0179 

.0089 

-.0007 

4.61 

14.76 

.7923 

. 2 228 

.0877 

-.0209 

.0094 

-.0010 

4.60 

15.01 

.8022 

. 2295 

.0905 

-.0216 

.0095 

-.0000 

4.90 

.15 

.0996 

.0112 

.0136 

-.0031 

.0001 

-.0093 

59 

RUN 3 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

C YM 

CY 

-5.02 

.24 

.0918 

.0113 

.0123 

.0023 

-.0005 

.0100 

-5.08 

-5.63 

-.1305 

.0195 

.0052 

-.0049 

- • 00C6 

.0136 

-5.06 

-3.64 

-.0474 

.0122 

.0077 

-.0028 

-.0008 

.0120 

-5.05 

-1 . 66 

.0246 

. Cl 02 

.0094 

-.0001 

-. 0007 

.0106 

-5.02 

.26 

.0921 

.0113 

.0121 

.0024 

-. 0006 

.009e 

-4.99 

2.32 

.1677 

.0161 

.0147 

.0035 

-.0005 

.0102 

-4.96 

4.36 

.2520 

.0270 

.0166 

.0053 

-.0005 

.0104 

-4.91 

6.42 

. 3476 

.0459 

.0224 

.0065 

-.0026 

.0078 

-4.85 

8.54 

. 4481 

.0741 

.0310 

.0092 

-.0043 

.0060 

-4.79 

10.57 

. 5554 

.1111 

.0444 

.0119 

-.0063 

.0042 

-4.73 

12.78 

.6732 

.1634 

.0629 

.0143 

-.0060 

.005 1 

-4.66 

14.86 

.7961 

. 2248 

.0839 

.0198 

-.0056 

.0037 

-4.65 

15.21 

.8150 

. 2 359 

,0904 

.0196 

-.0054 

.0043 

-5.02 

.26 

.0941 

.0116 

.0126 

.0022 

-.0007 

.0103 

59 

RUN 4 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

C YM 

CY 

-5.03 

.20 

.0751 

.0141 

.0023 

.0003 

.0008 

.0146 

-5.10 

-5.71 

-.1607 

.0336 

-.0140 

-.0061 

.0008 

.0250 

-5.08 

-3.72 

-.0777 

.0221 

-.0061 

-.0037 

.0009 

.0213 

-5.06 

-1.70 

.0028 

.0158 

-.0014 

-.0017 

.0011 

.0172 

-5.03 

.23 

.0784 

.0145 

.0024 

.0001 

.0008 

.0159 

-5.00 

2,32 

. 1564 

.0164 

.0054 

.0031 

.0004 

.0142 

-4.96 

4.30 

.2282 

.0217 

.0092 

.0053 

.0000 

.0149 

-4.92 

6.37 

. 3049 

.0317 

.0110 

.0073 

-.0003 

.0162 

-4.88 

8 .45 

. 3870 

.0471 

.0130 

.0072 

.0014 

.0158 

-4.83 

10.37 

. 4565 

. 0655 

.0173 

.0080 

.0015 

.0129 

-4.77 

12.53 

. 5470 

.0956 

.0237 

.0072 

.0017 

.0129 

-4.71 

14.51 

.6230 

. 1285 

.0323 

• OC 8 1 

.0027 

.0150 

-4,70 

14.65 

.6366 

. 1 3 4 P 

.0333 

.0086 

.0029 

.0143 

-5.04 

.24 

.0886 

.0150 

.0027 

.0003 

.0009 

.0174 
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TABLE B2. - Continued 

NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 

TEST 59 PUN 5 


BETA 

alpha 

CL 

CD 

CM 

C»M 

CYM 

CY 

A. 91 

.11 

.0780 

• 0 1 <* 0 

.0026 

-.0009 

-.0017 

-.0133 

<..93 

-5.79 

-. 1598 

.0336 

- ■ C 1 A 0 

• 00 A 8 

-.0020 

-.0220 

A. 93 

-3.82 

-.0789 

.0221 

-.0066 

.0025 

-.0019 

-.0181 

A. 92 

-1.80 

.0026 

.0158 

-.0006 

.0009 

-.0019 

-.0151 

A. 91 

. l<t 

• C78<t 

.0137 

.0027 

-.0007 

-.0017 

-.0138 

A • 6 9 

2.21 

. 15A3 

.0155 

.0060 

- • OC 3A 

-.0011 

-.0119 

A.P? 

A . 20 

. 22 6<t 

.0209 

.0089 

-.0050 

-.0011 

- • 0 1 3 A 

A • b 3 

6.27 

.2987 

.0290 

.0121 

-.0065 

-.0000 

-.0128 

A. 80 

8.30 

• 37 5 A 

• 0 A 2 8 

. 01 5 A 

-.0081 

-.0003 

-.0108 

<..76 

10.27 

• A5 3 A 

.0626 

. 0 16 A 

-.0102 

-.0006 

-.0110 

A. 71 

12. A 7 

. 5 A 50 

.0939 

.0223 

-.0089 

-.0008 

-.0097 

<♦•65 

1A.6A 

.6223 

. 1 2 8 A 

.0332 

-.0107 

• 000 A 

-.0101 

<♦.91 

.12 

.0780 

• 0 1 A 1 

.0022 

-.0010 

-.0018 

- • 0 1 3 A 


TEST 59 RUN 6 


BETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

-.06 

.11 

.0738 

.0137 

.0027 

-.0002 

-.0003 

.0015 

-.08 

-5.76 

-.1653 

* 03 AO 

- . 0 1 1 A 

-.0010 

-.0006 

.0029 

-.08 

-3.79 

— . 0 8 5 A 

.0226 

- • 00 A2 

-.0008 

- . OOOA 

.0026 

-.07 

-1.78 

-.0013 

.0156 

.0001 

-.0002 

- . 00 OA 

.001 A 

-.06 

.13 

.0750 

.0135 

.0023 

-.0002 

-.0003 

.0015 

-.06 

2.20 

. 1516 

.0153 

.0058 

.0000 

-.COCA 

.0016 

-.05 

A. 19 

• 22 2 A 

.0206 

. 008 A 

.0010 

-.OOOA 

.0019 

-.OA 

6 • 2 A 

• 2 9 A 5 

.0296 

.0107 

.0013 

-.0005 

.0022 

-.OA 

8.31 

• 37 AA 

• OA 39 

.0131 

.0005 

.0002 

.0016 

-.OA 

10. 2A 

. AA68 

.0627 

.0165 

-.0011 

.0010 

.0033 

-.OA 

12.36 

.5316 

.0897 

.0227 

-.001? 

.0022 

• 006 A 

-.03 

1 A . fe 8 

.6338 

.1318 

.0296 

-.0030 

.0033 

.0031 

-.06 

.11 

.0750 

• 01 AC 

.0033 

-.0001 

-.0003 

.0015 


TEST 59 RUN 12 


BETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

-.06 

.11 

.0632 

.0138 

.0101 

.0009 

-.0001 

.0011 

-.08 

-5.75 

-.1733 

. 0 3 A 7 

-.0038 

-.0002 

.0001 

.0012 

-.08 

-3.81 

-.0968 

.0235 

.0036 

.000? 

.OOOA 

.0011 

-.07 

-1.78 

-.0151 

• 0 1 6A 

.0091 

.0007 

.0002 

.0007 

-.06 

.12 

.0629 

.0135 

.01C0 

.0007 

-.0001 

.0008 

-.06 

2.18 

• 1 A 32 

. 01 A9 

.0089 

.0009 

-.0002 

.0019 

-.05 

A. 17 

.2168 

.0190 

.0105 

.0006 

-.0003 

.0019 

-.05 

6.23 

.2905 

.0269 

.0123 

.0011 

-.0002 

.0023 

-.OA 

8.28 

.3703 

.0399 

.0127 

.0009 

.0001 

. 00 3 A 

-.OA 

10.21 

. A366 

.0552 

.0166 

.0002 

• 00 1 A 

.0060 

-.03 

12.33 

• 5 1 A 5 

.0773 

.0227 

.0003 

.0007 

.0076 

-. OA 

12.32 

. 51AA 

.0776 

.0228 

-.0000 

.0006 

.0085 

-.02 

1 A . 6 A 

.6022 

.1138 

.0327 

.0012 

.0003 

.0078 

-.06 

.12 

• 06 AO 

. 0 1 AO 

.0100 

.0011 

-.0001 

.0008 


TEST 59 RUN 13 


SETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

A. 90 

.10 

.0651 

• 01 A 2 

.0095 

.OOOA 

.0001 

-.0136 

A .93 

-5.67 

- • 1 7 A A 

.0350 

-.0066 

. 00 AO 

-.0012 

-.0199 

A. 93 

-3.90 

-.0967 

.0237 

.0016 

.0027 

-.0013 

-.0165 

A. 92 

-1.89 

-.0137 

.0167 

.0070 

,0011 

-.0010 

-.0135 

A. 90 

.06 

.0620 

* 0 1 A 1 

.0099 

.0009 

.0001 

01 AO 

A. 88 

2.09 

• 1 A 1 0 

* 0 1 A 6 

.0103 

-.0022 

.0002 

-.0131 

A. 86 

A. 11 

.2157 

.0187 

.0113 

-.0050 

-.0000 

-. 01 AO 

A. 83 

6.15 

.2932 

.0267 

.0116 

- • 006 A 

.0008 

- • 0 1 A9 

A. 80 

8.20 

.3621 

.038 1 

* 0 1 A 3 

-.0087 

.0007 

-.0123 

A. 76 

10.16 

• A 393 

,0555 

.0170 

-.0110 

-.0001 

-.0108 

A . 71 

12.30 

• 5 2 A3 

.0823 

.0237 

-.0111 

-.0011 

-.0066 

A. 65 

1 A . 62 

. 616A 

.1188 

.0352 

-.0122 

-.0019 

.0015 

A. 90 

.01 

.0620 

. 0 1 A 3 

.0097 

.0007 

.0001 

-.0131 
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TEST 


TEST 


TEST 


TEST 


TABLE B2.- Continued 


NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 


59 RUN 1 A 


BETA 

ALPHA 

CL 

CD 

CM 

C PM 

CYM 

CY 

-’ 5.03 

.20 

.0656 

.0153 

.0085 

.0005 

-.0001 

.0135 

- 5.09 

- 5.73 

-.1703 

.0356 

-.0067 

-.0036 

.0012 

.0206 

- 5.08 

- 3.75 

-.0906 

.0235 

.0009 

-.0020 

.0013 

.0168 

- 5.06 

- 1.75 

-.0113 

.0166 

.0066 

-.0005 

.0008 

.0152 

- 5.03 

.16 

.0659 

.0151 

. ooe2 

.0006 

-.0001 

.0133 

- 5.00 

2.26 

.1555 

.0155 

.0087 

.0028 

-.0006 

.0129 

- 5.96 

5.28 

.2178 

.0196 

.0108 

.0051 

-.0007 

.0152 

— 5.92 

6.31 

.2935 

.0280 

.0122 

.0068 

-.0007 

.0158 

- 5.87 

b.37 

.3678 

.0505 

.0137 

.0088 

-.0005 

.0158 

- 5.82 

10.31 

.5386 

.0560 

.0167 

.0110 

-.0001 

.0127 

- 5.76 

12.55 

.5202 

.0813 

.0232 

.0103 

.0008 

.0117 

- 5.69 

15.81 

.6289 

.1251 

.0331 

.0066 

.0005 

.0095 

- 5,03 

.19 

.0670 

.0155 

.0087 

.0001 

-.0001 

.0152 


59 

BETA 

RUN 18 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

-.07 

.13 

.0686 

.0155 

.0103 

.0002 

.0001 

.0015 

-.09 

- 5.70 

-.1606 

.0355 

-.0027 

-.0003 

.0005 

.0022 

-.08 

- 3.76 

-.0811 

.0237 

.0036 

.0006 

.0007 

.0015 

-.07 

- 1.77 

-.0035 

.0171 

.0083 

.0006 

.0006 

.0009 

-.07 

.18 

.0737 

.0156 

.0101 

.0003 

.0001 

.0020 

-.06 

2.23 

.1539 

.0163 

.0097 

.0006 

-.0001 

.0025 

-.05 

5.22 

.2262 

.0210 

.0116 

.0005 

-.0002 

.0029 

-.05 

6.26 

.2987 

• C 2 92 

.0131 

.0006 

-.0003 

.0055 

-.05 

8.30 

.3773 

.0526 

.0136 

.0007 

.0001 

.0055 

-.05 

10.25 

.5555 

.0583 

.0165 

.0002 

.0013 

.0075 

-.05 

12.37 

.5186 

.0806 

.0253 

-.0000 

.0009 

.0082 

-.03 

15.63 

.6026 

.1152 

.0355 

.0001 

-.0002 

.0089 

-.07 

.15 

.0791 

.0153 

.0103 

.0003 

.0001 

.0032 


59 

BETA 

RUN 19 

ALPHA 

CL 

CO 

CM 

CRM 

CYM 

CY 

5.90 

• 16 

.0676 

.0155 

.0099 

.0030 

.0005 

-.0166 

5.93 

- 5.79 

-.1655 

.0355 

-.0050 

.0067 

-.0007 

-.0252 

5.93 

- 3.82 

-.0865 

• 0235 

.0012 

.0052 

-.0008 

-.0205 

5.92 

- 1.81 

-.0085 

.0169 

.0069 

.0050 

-.0005 

-.0175 

5.90 

.10 

.0651 

.0156 

.0099 

.0028 

.0005 

-.0159 

5.88 

2.18 

.1529 

.0156 

.0112 

.0000 

.0009 

-.0155 

5.06 

5.19 

.2160 

.0196 

.0125 

-.0025 

.0009 

-.0160 

5.83 

6.23 

.2906 

.0275 

.0125 

-.0055 

.0016 

-.0170 

5.80 

8.27 

.3605 

.0387 

.0166 

-.0065 

.0012 

-.0165 

5.76 

10.23 

.5359 

.0558 

.0205 

-.0089 

.0005 

-.0152 

5.71 

12.35 

.5151 

.0811 

.0266 

-.0097 

-.0011 

-.0095 

5.65 

15.61 

.6136 

.1196 

• 0365 

-.0087 

-.0016 

-.0029 

5.90 

• 10 

.0650 

.0156 

.0098 

.0032 

.0006 

-.0168 
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RUN 20 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

- 5.03 

.18 

.0616 

.0152 

.0085 

-.0019 

-.0002 

.0136 

- 5.09 

- 5.71 

-.1693 

.0358 

-.0050 

-.0055 

.0016 

.0211 

- 5.08 

- 3.72 

-.0903 

.0236 

.0015 

-.0050 

.0016 

.0170 

- 5.06 

- 1.73 

-.0150 

.0170 

.0067 

-.0032 

.0008 

.0159 

- 5.03 

.21 

.0655 

.0155 

.0086 

-.0015 

-.0001 

.0150 

- 5.00 

2.25 

.1515 

.0155 

.0095 

.0012 

-.0007 

.0132 

- 5,96 

5.27 

.2125 

.0196 

.0116 

.0031 

-.0009 

.0151 

- 5.92 

6.31 

.2850 

.0275 

.0130 

.0053 

-.0011 

.0162 

- 5.88 

e . 36 

. 3595 

.0392 

.0160 

.0058 

-.0006 

.0173 

- 5.82 

10.31 

.5330 

. 0558 

.0193 

.0088 

-.0009 

.0155 

- 5.76 

12.56 

.5129 

.0800 

.025 1 

.0085 

.0001 

.0128 

- 5.69 

15.78 

.6129 

.1193 

.0325 

.0051 

.0013 

.0303 

- 5.03 

.18 

.0601 

.0155 

.0085 

-.0016 

-.0001 

.0130 
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APPENDIX B 


TEST 


TEST 


TEST 


TEST 


TABLE B2.~ Continued 


NASA LANGLEY ? X 10 HIGH $PFED TUNNEL 

59 RUN 21 


BETA 

ALPHA 

CL 

CD 

CM 

CRM 

C YM 

CY 

-5*03 

.19 

. 0675 

.0142 

.0063 

-.0014 

-.0001 

.0151 

-5.10 

-5.70 

-.1617 

.0337 

-.0065 

- • GC44 

.0017 

.0220 

-5.08 

-3.71 

-.0828 

.0228 

.0008 

-.0035 

.0018 

.0178 

-5.06 

-1.70 

-.0032 

.0164 

.0061 

-.0022 

.0009 

.0157 

-5.03 

.21 

.0713 

.0144 

.0081 

-.0011 

-.0001 

.0157 

-5.00 

2.26 

.1518 

.0161 

.0092 

.0014 

-.0007 

.0150 

-A. 96 

4.28 

.2250 

.0207 

.0114 

.0035 

-.0008 

.0169 

-A. 92 

6.31 

.2973 

.0288 

.0119 

.0048 

-.0010 

.0182 

-A. 68 

8.42 

.3740 

.0418 

.0157 

• OC 64 

-.0005 

.0196 

-4.82 

10.34 

. 4475 

.0585 

.0181 

.0096 

-.0005 

.0152 

-4.76 

12.48 

. 5272 

.0835 

.0242 

.0095 

• 00 04 

.0128 

-4.69 

14.82 

.6309 

.1251 

.0333 

.0062 

.0009 

.0101 

-5.03 

.22 

.0774 

.0148 

.0081 

-.0009 

.0001 

.0165 


59 

RUN 22 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

C YM 

CY 

4.90 

.11 

.0688 

.0143 

.0093 

.0017 

.0003 

-.0145 

4.93 

-5.77 

-.1639 

.0337 

-.0058 

.0058 

-.0030 

-.0217 

4.93 

-3.79 

-.0952 

.0231 

.0019 

.0040 

-.0011 

-.0179 

4.92 

-1.78 

-.0030 

.0162 

.0070 

• OC20 

-.0006 

-.0156 

4.90 

.14 

.0686 

.0141 

.0090 

.0019 

.0004 

-.0146 

4.88 

2.21 

.1482 

.0153 

.0104 

-.0009 

.0007 

-.0139 

4.86 

4.25 

.2251 

.0198 

.0121 

-.0033 

.0007 

-.0152 

4.83 

6.27 

.2971 

.0276 

.0121 

-.0056 

.0012 

-.0146 

4.80 

8.32 

.3711 

.0397 

.0160 

-.0074 

.0012 

-.0357 

4.76 

1C. 30 

.4451 

.0576 

.0183 

-.0095 

.0007 

-.0121 

4.71 

12.40 

.5232 

.0836 

.0253 

-.0098 

-.0009 

-.0085 

4.65 

14.62 

.6118 

.1105 

.0371 

-.0109 

-.0019 

-.0013 

4.90 

.15 

.0733 

.0144 

.0101 

.0015 

.0003 

-.0140 


59 

SETA 

RUN 23 

ALPHA 

CL 

CO 

CM 

CRM 

CYM 

CY 

-.06 

.11 

.0620 

.0134 

.0092 

.0005 

.0001 

-.0000 

-.08 

-5.76 

-.1710 

.0341 

-.0026 

-.0002 

.0004 

.0004 

-.08 

-3.79 

-.0935 

.0230 

.0042 

.0003 

.0004 

.0000 

-.07 

-1.78 

-.0125 

.0162 

.0087 

.0005 

.0003 

.0003 

-.06 

• 14 

.0640 

.0137 

.0092 

.0007 

• 0002 

.0003 

-.06 

2.22 

.1460 

.0146 

.0091 

.0007 

-.0001 

.0004 

-.05 

4.18 

.2165 

.0188 

.0108 

.0004 

-.0001 

.0008 

-.04 

6.22 

.2658 

.0264 

.0124 

.0011 

-.0003 

.0010 

-.04 

8.33 

.3708 

. 0397 

.0133 

.0007 

.0002 

.0021 

-.04 

10.30 

.4377 

.0550 

.0177 

.0002 

.0015 

.0041 

-.03 

12.33 

.5078 

.0763 

.0239 

-.0001 

.0004 

.0057 

-.02 

14.62 

.5914 

.1102 

.0336 

.0015 

-.0004 

.0028 

-.06 

.12 

.0635 

.0132 

.0092 

-.0000 

.0001 

.0005 


59 

RUN 24 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

-.06 

.13 

.0674 

.0139 

.0096 

.0006 

.0000 

.0009 

-.08 

-5.70 

-.1557 

.0320 

-.0060 

-.0004 

.0001 

.0014 

-.00 

-3.77 

-.0843 

.0224 

.0027 

-.0002 

.0001 

.0019 

-.07 

-1.78 

-.0071 

.0163 

.0078 

.0003 

.0002 

.0013 

-.07 

.13 

.0693 

.0138 

.0094 

.0005 

.0000 

.0011 

-.06 

2.21 

.1505 

.0153 

.0095 

.0002 

-.0003 

.0025 

-.05 

4.18 

.2189 

.0195 

.0110 

.0005 

-.0003 

.0022 

-.05 

6.25 

.2943 

.0276 

.0144 

.0006 

-.0002 

.0025 

-.04 

8.30 

.3686 

.0409 

.0151 

.0006 

.0001 

.0036 

-.04 

10.22 

.4370 

.0565 

.0199 

.0001 

.0013 

.0062 

-.03 

12.33 

♦ 5065 

.0762 

.0270 

-.0005 

.0006 

.0075 

-.02 

14.63 

.5960 

.1113 

.0371 

.0005 

-.0010 

.0076 

-.07 

.15 

.0742 

.0140 

.0101 

.0005 

.0001 

.0022 
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APPENDIX B 


TEST 


TEST 


TEST 


TEST 


TABLE B2. - Continued 


NASA LANGLEY 


59 

RUN 25 



BETA 

ALPHA 

CL 

CD 

4 . 90 

.10 

.0637 

.0138 

4.93 

-5.78 

-.1591 

.0325 

4.93 

-3.63 

-.0852 

.0226 

4.92 

-1.62 

-.0076 

.0163 

4.90 

.09 

.0636 

.0137 

4.ee 

2.16 

.1421 

.0149 

4.86 

<♦.16 

.2145 

.0166 

4.83 

6.24 

.2900 

.027? 

4.80 

6.20 

. 3629 

.0392 

<♦.76 

10.28 

. 436 3 

.0566 

<♦.71 

12.35 

.5120 

.0815 

<♦.65 

14.60 

.6003 

.1163 

<♦.90 

.09 

.0658 

.0139 


59 

RUN 26 



SETA 

ALPHA 

CL 

CD 

-5.03 

.19 

.0635 

.0130 

-5.09 

-5.70 

-.1617 

.0327 

-5.08 

-3.72 

-.0857 

.0225 

-5.05 

-1.71 

-.0068 

.0161 

-5.03 

.20 

.0616 

.0138 

-5.00 

2.26 

.1403 

.0148 

-4.96 

4.30 

.2138 

.0194 

-4.92 

6.31 

.2870 

.0273 

-4.88 

6.38 

.3613 

. 0399 

-4.81 

10.44 

.4369 

.0569 

-4.76 

12.46 

.5092 

.0798 

-4.69 

14.79 

.6122 

.1194 

-5.03 

.21 

.0654 

.0139 


59 

RUN 27 



BETA 

AL PHA 

CL 

CD 

-5.03 

.19 

.0703 

.0141 

-5.09 

-5.71 

-. 1632 

.0339 

-5.08 

-3.73 

-.0860 

.0230 

-5.06 

-1.71 

-.0045 

.0164 

-5.03 

.24 

,0740 

.0142 

-5.00 

2.27 

.1531 

.0156 

-4.96 

4.30 

.2264 

.0202 

-4.92 

6.33 

.3017 

.0289 

-4.88 

8.41 

.3770 

.0417 

-4.02 

10.34 

. 4482 

.0577 

-4.76 

12.49 

.5279 

.0830 

-4.69 

14.83 

.6362 

.1255 

-5.03 

.22 

.0775 

.0145 


59 

RUN 28 



BETA 

AL PHA 

CL 

CD 

4.90 

.10 

.0668 

.0141 

4.93 

-5.80 

-.1659 

.0341 

4.92 

-3.84 

-.0884 

.0234 

4.92 

-1.84 

-.0076 

.0168 

4.90 

.09 

.0673 

.0141 

4.68 

2.17 

.1478 

.0151 

4.86 

4.17 

.2190 

.0109 

4.03 

6.22 

. 2981 

.0271 

4.80 

6.27 

. 3698 

.0389 

4.76 

10.23 

. 4433 

.0566 

4.71 

12.39 

. 52 34 

.0826 

4.65 

14.62 

.6131 

.1174 

4.90 

.09 

.0672 

.0141 



7 y 10 

HIGH SPEED 

TUNNEL 

CM 

CRM 

CYM 

CY 

.0088 

.0037 

.0017 

-.0190 

-.0082 

.0061 

-.0006 

-.0228 

-.0001 

.0052 

-.0006 

-.0194 

.0062 

.0043 

.0004 

-.0181 

.0090 

.0036 

.0019 

-.0191 

.0111 

.0011 

.0020 

-.0179 

.0130 

-.0018 

.0015 

-.0185 

.0133 

-.0036 

.0026 

-.0185 

.0161 

-.0063 

.0024 

-.0171 

.0222 

-.0081 

.0019 

-.0161 

.0280 

-.0075 

.0000 

-.0141 

.0409 

-.0092 

-.0001 

-.0052 

.0090 

.0031 

.0017 

-.0179 


CM 

CRM 

CYM 

CY 

.0001 

-.0024 

-.0016 

.0171 

-.OICO 

-.0053 

.0010 

. 0225 

- • 0 0C4 

-.0040 

.0010 

.0185 

.0051 

-.0027 

.0000 

.0168 

.0080 

-.0022 

-.0015 

.0168 

.0099 

-.0000 

-.0019 

.0160 

.0114 

.0026 

-.0019 

.0166 

.0136 

.0040 

-.0020 

.0175 

.0172 

.0053 

-.0016 

.0201 

.0209 

.0082 

-.0019 

.0154 

,0271 

.0091 

-.0016 

.0139 

.0370 

.0062 

.0001 

.0089 

.0087 

-.0025 

-.0016 

.0170 


CM 

CRM 

CYM 

CY 

.0070 

-.0008 

-.0001 

.0131 

-.0075 

-.0046 

.0015 

.0210 

.0010 

-.0028 

.0016 

.0159 

,0062 

-.0015 

.0010 

.0144 

.0077 

-.0004 

-.0003 

.03 31 

.0086 

.0015 

-.0005 

.0139 

. 0 1C 2 

.0040 

-.0007 

.0142 

.0121 

.0050 

-.0006 

.0165 

.0137 

.0070 

-.0002 

.0166 

.0161 

.0093 

-.0004 

.0129 

.0225 

.0101 

.0001 

.0106 

.0330 

.0062 

.0004 

.0081 

.0077 

-.0005 

-.0001 

.0139 


CM 

CRM 

CYM 

CY 

.0091 

.0013 

.0003 

-.0140 

-.0066 

• 00 <*4 

-.0010 

-.0202 

.0016 

.0033 

-.0012 

-.0164 

.0065 

.0019 

-.0007 

-.0143 

.0088 

.0015 

.0003 

-.0141 

.0104 

-.0013 

.0006 

-.0135 

.0110 

-.0044 

.0004 

-.0142 

.0115 

-.0065 

.0008 

-.0146 

.0137 

-.0008 

.0000 

-.0149 

.0157 

-.0113 

.0005 

-.0113 

.0224 

-.0112 

-.0008 

-.0088 

.0353 

-.0327 

-.0013 

-.0009 

.0089 

.0010 

.0002 

-.0142 
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APPENDIX B 


TEST 


TEST 


TEST 


TEST 


TABLE B2.- Continued 

NASA LANGLEY 7 X 30 HIGH SPEED TUNNEL 

59 RUN 29 


BETA 

alpha 

CL 

CD 

CM 

CRM 

CYM 

CY 

♦.06 

.12 

.0656 

.0138 

* 009 1 

.0007 

-.0001 

-.0001 

-.08 

- 5.76 

-.1721 

.0345 

-.0041 

-.0004 

.0003 

.0008 

-.08 

- 3.80 

-.0921 

.0233 

.0037 

-.0005 

.0002 

.0009 

-.07 

- 1.78 

-.0116 

.0164 

.0076 

*0007 

.0002 

.0002 

-.06 

.14 

.0668 

.0138 

,0097 

.0007 

-.0000 

.0007 

-.06 

2.18 

. 1474 

.0147 

.0079 

.0003 

-.0001 

.0010 

-.05 

4.20 

.2193 

.0189 

.0094 

.0002 

-.0003 

.0006 

- . 0 A 

6.22 

.2925 

.0267 

,0109 

.0001 

-.0004 

.0018 

-.04 

8.29 

.3692 

.0397 

.0114 

.0001 

-.0000 

.0024 

-.04 

10.24 

.4393 

.0555 

.0157 

-.0006 

.0013 

.0051 

-.03 

12.40 

.5176 

.0764 

.0220 

-.0009 

.0003 

.0070 

-.02 

14.63 

.5997 

.1116 

.0310 

.0002 

-.0006 

.0061 

-.06 

.32 

.0641 

.0138 

.0089 

.0006 

-.0001 

-.0002 


59 

BETA 

RUN 30 

ALPHA 

Cl 

CO 

CM 

CPM 

CYM 

CY 

-.06 

.12 

.0659 

.0136 

.0088 

.0002 

-.0001 

.0009 

-.08 

- 5.73 

-.1628 

.0333 

-.0085 

-.0005 

.0002 

.0015 

-.08 

- 3.78 

-.0896 

.0230 

.0019 

.0000 

.0002 

.0011 

-.07 

- 1.77 

-.0084 

.0163 

.0071 

.0007 

.0004 

.0005 

-.06 

.15 

.0668 

.0138 

.0090 

.0006 

-.0000 

.0010 

-.06 

2.20 

.1489 

.0148 

.0082 

.0006 

-.0002 

.0012 

-.05 

4.26 

.2213 

.0194 

.0101 

.0003 

-.0003 

.0021 

-.05 

6.25 

.2925 

.0272 

.0131 

.0007 

-.0001 

.0027 

-.04 

8.30 

.3716 

.0408 

.0127 

.0011 

.0001 

.0023 

-.04 

10.25 

.4395 

.0566 

.0179 

.0002 

.0013 

.0057 

-.03 

12.37 

.5129 

.0781 

.0246 

-. 000 ? 

.0006 

.0056 

-.02 

14.64 

.6013 

.1132 

.0337 

.0007 

-.0011 

.0064 

-.06 

.15 

.0728 

.0138 

.0102 

-.0003 

-.0001 

.0013 


59 

RUN 31 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

4,90 

.09 

.0648 

.0136 

,0081 

.0019 

.0014 

-.0170 

4.93 

- 5.80 

-.1613 

.0329 

-.0097 

.0048 

-.0006 

-.0212 

4.92 

- 3.81 

-.0853 

.0225 

-.0009 

.0038 

-.0007 

-.0182 

4.92 

- 1.79 

-.0060 

.0160 

.0054 

.0025 

.0001 

-.0169 

4.90 

.15 

.0692 

.0136 

.0088 

.0021 

.0014 

-.0171 

4.88 

2.18 

.1462 

• C I 46 

,0096 

-.0012 

.0013 

-.0160 

4.86 

4.21 

.2191 

.0186 

.0112 

-.0038 

.0011 

-.0167 

4,83 

6.24 

.2950 

.0270 

.'0121 

-.0051 

.0018 

-.0178 

4.80 

8.32 

.3712 

.0396 

.0153 

-.0078 

.0016 

-.0164 

4.76 

10.27 

.4419 

.0569 

.0188 

-.0090 

.0015 

-.0148 

4,71 

12.44 

.5249 

.0843 

,0265 

-.0096 

.0001 

-.0109 

4.65 

14.63 

.6105 

.1183 

.0377 

-.0116 

-.0008 

-.0016 

4.90 

.11 

.0686 

.0136 

.0081 

.0021 

.0013 

-.0177 


59 

RUN 32 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

- 5.03 

.20 

.0666 

.0140 

.0068 

-.0010 

-.0011 

.0159 

- 5.09 

- 5.71 

-.1613 

.0329 

-.0107 

-.0049 

.0008 

.0216 

- 5.08 

- 3.76 

-.0859 

.0226 

-.0015 

-.0033 

.0009 

.0177 

- 5.05 

- 1.72 

-.0075 

.0161 

.0046 

-.0015 

.0002 

.0156 

- 5.03 

.18 

.0662 

.0138 

.0070 

-.0009 

-.0010 

.0157 

- 5.00 

2.26 

.1463 

.0151 

.0088 

.0013 

-.0014 

.0155 

- 4.96 

4.26 

.2174 

.0192 

.0107 

.0038 

-.0013 

.0165 

- 4.92 

6.28 

.2906 

.0276 

.0121 

.0054 

-.0011 

.0175 

- 4.88 

8.37 

. 3642 

.0401 

.0150 

.0070 

-.0007 

.0182 

- 4.82 

lu .32 

. 4386 

.0565 

.0182 

.0093 

-.0012 

.0155 

- 4.76 

12.48 

.5206 

.0820 

.0239 

.0099 

-.0005 

.0141 

- 4.69 

14.80 

.6202 

.1211 

.0350 

.0068 

.0005 

.0085 

- 5.03 

.17 

.0660 

.0139 

.0073 

-.0012 

-.0011 

.0157 
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APPENDIX B 


TEST 


TEST 


TEST 


TEST 


TABLE B2.- Concluded 


NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 

59 RUN 33 


BETA 

AL PHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

-5.03 

.20 

.0713 

.0143 

.0066 

-.0002 

-.0004 

.0142 

-5.09 

-5.69 

-.1583 

.0332 

-.0099 

-.0039 

.0011 

.0207 

-5.08 

-3.74 

-.0832 

.0226 

-.0014 

-.0025 

.0013 

.0171 

-5.05 

-1.71 

-.0035 

.0163 

.0046 

-.0006 

.0005 

.0150 

-5.03 

.20 

.0711 

.0141 

.0070 

-.0005 

-.0006 

.0149 

-5.00 

2.30 

.1527 

.0154 

.0076 

.0024 

-.0007 

.0135 

-<>•96 

<♦.29 

.2236 

.02C1 

.0094 

.0049 

-.0008 

.0152 

-<♦.92 

6.35 

.2978 

.0286 

.0110 

.0061 

-.0006 

.0158 

-<♦.88 

8.41 

. 3754 

.0415 

.0141 

.0077 

-.0002 

.0171 

-<♦.82 

10.36 

.4461 

.0580 

.0164 

.0103 

-.0005 

.0140 

-<♦.76 

12.51 

.5276 

.0836 

.0225 

.0101 

.0002 

.0129 

-<♦.69 

14.62 

.6275 

.1234 

.0332 

.0074 

.0007 

.0079 

-5.03 

.22 

.0729 

.0142 

.0066 

-.0003 

-.0004 

.0146 


59 

BETA 

RUN 34 

ALPHA 

CL 

CO 

CM 

CRM 

CYM 

CY 

4.90 

.10 

.0694 

.0137 

.0083 

.0015 

.0007 

-.0145 

4.93 

-5.81 

-.1642 

.0337 

-.0096 

.0045 

-.0009 

-.0196 

4.92 

-3.64 

-.0868 

.0230 

-.0003 

.0033 

-.0011 

-.0169 

4.92 

-1.61 

-.0064 

.0164 

.0054 

.0020 

-.0005 

-.0149 

4.90 

.14 

.0722 

.0139 

.0087 

.0017 

.0009 

-.0147 

4.88 

2.18 

.1510 

.0151 

.0092 

-.0016 

.0008 

-.0139 

4.86 

4.20 

. 2222 

.0194 

.0101 

-.0042 

.0006 

-.0138 

4.83 

6.24 

.2984 

.0274 

.0116 

-.0055 

.0014 

-.0152 

4.80 

8.30 

.3691 

.0394 

.0138 

-.0078 

.0013 

-.0143 

4.76 

10.26 

.4437 

.0573 

.0169 

-.0089 

.0010 

-.0125 

4.71 

12.39 

.5247 

.0836 

.0245 

-.0097 

-.0003 

-.0099 

4.64 

14.63 

.6165 

.1195 

.0369 

-.0122 

-.0013 

.0021 

4.90 

.08 

.0691 

.0139 

.0080 

.0016 

.0008 

-.0146 
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RUN 35 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

-.08 

.05 

.0677 

.0137 

.0086 

.0005 

.0001 

.0016 

-.10 

-5.81 

-.1663 

.0340 

-.0067 

-.0004 

.0005 

.0019 

-.09 

-3.66 

-.0907 

.0231 

.0021 

.0003 

.0004 

.0020 

-.09 

-1.85 

-.0093 

.0165 

.0076 

.0005 

.0004 

.0016 

-.08 

.09 

.0697 

.0137 

.0087 

.0009 

.0001 

.0017 

-.07 

2.14 

.1520 

.0148 

.0072 

.0008 

.0000 

• OC 16 

-.07 

4.14 

. 2234 

.0194 

.0091 

.0008 

.0000 

.0023 

-.06 

6.18 

.2948 

.0274 

.0109 

.0008 

.0001 

.0030 

-.05 

6.24 

. 3745 

.0407 

.0121 

.0012 

.0005 

.0031 

-.06 

10.16 

.4419 

.055 8 

.0164 

-.0001 

.0013 

.0075 

-.05 

12.29 

.5190 

.0766 

.0221 

.0005 

.0006 

.0073 

-.03 

14.59 

.6077 

.1141 

.0328 

.0017 

-.0004 

.0054 

-.08 

.05 

.0677 

.0138 

.0087 

.0007 

.0001 

.0017 

59 

RUN 39 







BETA 

ALPHA 

CL 

CD 

CM 

CRM 

CYM 

CY 

-.07 

.12 

.0676 

.0148 

.0094 

.0005 

-.0001 

.0015 

-.08 

-5.77 

-.1708 

.0355 

-.0046 

-.0004 

.0001 

.0020 

-.08 

-3.82 

-.0912 

.0241 

.0031 

.0001 

.0002 

.0010 

-.07 

-1.78 

-.0058 

.0173 

.0086 

.0004 

.0002 

.0016 

-.07 

.13 

.0666 

.0149 

.0093 

.0004 

.0000 

.0018 

-.06 

2.28 

.1545 

.0169 

.0084 

.0006 

-.0002 

.0023 

-.05 

4.18 

.2218 

.0214 

.0098 

.0008 

-.0001 

.0026 

-.05 

6.19 

.2908 

.0296 

.0123 

.0011 

-.0001 

.0033 

-.04 

8.28 

.3717 

.0452 

.0143 

.0012 

.0004 

.0020 

-.04 

10.22 

. 4458 

.0639 

.0175 

.0005 

.0010 

.0048 

-.04 

12.34 

. 5329 

.0921 

.0252 

-.0000 

,0017 

.0100 

-.02 

14.67 

.6373 

.1361 

.0345 

.0006 

-.0001 

.0073 

-.07 

.13 

.0744 

.0152 

.0089 

.0005 

-.0000 

.0023 
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